Abstract The transformation of byproducts and wastes generated by agro-food companies is of high importance since only a small portion of plant material is utilized directly for human consumption. Squash pumpkin is greatly used in Portugal and as by-products of its processing are generated tons of shell and seeds. In this study we aim to evaluate the potential of these wastes as sources of beneficial and bioactive compounds (antioxidants and antimicrobials), studying the effect of different extraction solvents and drying methods. The samples (fresh and cooked) were freeze-dried and ovendried followed by extraction with different solvents that revealed the following decreasing order of efficiency: 70 % ethanol, 70 % methanol, 70 % acetone, ultra-pure water and 100 % dichloromethane. The oven-dried samples showed higher values of antioxidant activity and phenolic content, with exception of the values of phenolics for the seeds material. The shell samples presented higher values (1.47 -70.96 % inhibition) of antioxidant activity and total phenolic content (2.00 -10.69 mg GAE/g DW). A positive correlation was found between these two parameters on the shell samples, however the squash seeds revealed a negative correlation between the phenolic content and the antioxidant activity. The results show that these industrial agro-food residues are potentially good sources of bioactive compounds with health benefits.
fewer vegetative and reproductive parts (Paris et al. 2003) . Pumpkin has received considerable attention in recent years because of the nutritional and health protective value of the seeds that are rich in health beneficial compounds like polysaccharides, carotene, mineral salts, vitamins, and others (Fu et al. 2006; Fu et al. 2007; Zhemerichkin and Ptitchkina 1995) . Some previous preliminary reports showed that a pumpkin-rich diet could reduce blood glucose (Li et al. 2001; Zhang and Yao 2002) as well as mixtures of flax and pumpkin seeds supplemented in diet of diabetic rats revealed to be helpful in preventing diabetes and its complications (Makni et al. 2010) .
Lately more attention has been focused on the utilization of food-processing byproducts and wastes, as well as underutilized agricultural products. Only a small portion of plant material is utilized directly for human consumption, while the remaining portion of this material or part of it may be converted into nutrients for either food or feedstuff or into fertilizers, so an important contribution to food resources or industrial products could be made (Kamel et al. 1982) . After the removal of the pulp and flesh from pumpkin squash still remains a large quantity of shell and seeds as waste products. Pumpkin seeds are often utilized directly for human consumption as snacks after salting and roasting in many Arabian countries and these seeds have been reported as excellent sources of protein (25.2-37 %) and oil (37.8-45.4 %) (Al-Khalifa 1996; Lazos 1986 ). Several previous reports have described the nutritive value of proteins, fatty acids and vitamins from pumpkin seed oils (Murkovic et al. 1996; Stevenson et al. 2007 ), but there are very few on the antioxidant properties of pumpkin seeds and shell. These by-products are produced in large quantities by economically important agro-food companies in Portugal.
In this study we aim to evaluate the potential of residues from the industrial processing (squash pumpkin shell and seeds) in order to be used as sources of beneficial compounds like nutraceuticals for functional foods (for humans and animals) evaluating the presence of antibacterial agents, as well as of natural antioxidants and therefore having a high potential of being processed into added value co-products.
Material and methods

Chemicals
All chemicals and reagents were of analytical grade and were obtained from various commercial sources (Sigma/Aldrich, Merck, and Pronalab). All solvents were of high-performance liquid chromatography (HPLC) grade, and water was ultrapure. Gallic acid standard were obtained from Sigma-Aldrich.
Plant material
The samples of squash pumpkin seeds and shell used in the present study were provided from a large company (Douromel -Fábrica de Confeitaria, Lda.) localized in the North of Portugal that processes fruits (orange, lemon, fig, cherry , lemongrass, pear, as a well as pumpkin and squash pulp) in order to produce crystalized fruits. At the present moment this company is processing annually 52 140 kg of squash pumpkin, generating about 18 900 kg of primary product and 63.8 % of residues (squash seeds and shell).
After the reception of the residues from Douromel was first performed the mechanical separation of both types of material (cooked and fresh squash pumpkin seeds and shell), followed by the drying of the samples by two different methods: airdrying in an oven (65°C) and freeze-drying. These resultant samples of the two drying methods were then powdered and homogenized and later extracted with different solvents (ultrapure water, 70 % ethanol and 70 % methanol at 70°C during 30 min, and 70 % Acetone and 100 % dichloromethane at 20°C during 16 h), in order to evaluate the extraction efficiencies of the different solvents on the samples tested (Fig. 1) . These extracts were used for quantification of total phenolics, antioxidant and antimicrobial activities. For the identification of low molecular weight phenolics extracts were analyzed with HPLC (High Performance Liquid Chromatography).
Extraction and quantification of total and low molecular weight phenolics Subsamples of the fresh material (3×200 mg) were extracted with 5 mL of 70 % methanol at 70°C for 30 min in 10 mL screw-top tubes, using a vortex mixer every 5 min to optimize extraction. The samples were centrifuged (17,000g, 4°C, 20 min), and subsamples of the supernatant (3×50 μL) were used for determining total phenolics contents following the Folin-Ciocalteau spectrophotometer method (Javanmardi et al. 2003) . For the determination of the low molecular weight phenolics was followed the methods described by Bennett et al. (2006) and it was used an HPLC system from ThermoFinnigan Surveyor with a Phenomenex Luna C18 (2) 250×4.6 mm, 5 μm column and a Phenomenex Security guard C18 pre-column. Data was expressed as Gallic Acid Equivalents (GAE) which was determined by a calibration curve (y=0.7586x+0.0694, R 2 =0.9952).
Antioxidant activity assays (DPPH)
The antioxidant activity (AA) was evaluated by 2.2′-difenil-1-picrilhidrazil radical (DPPH) method (Oliveira et al. 2008 ) with modifications. Briefly, different concentrations (0.0 to 5.0 mg.mL
) of methanolic extracts were prepared, diluting the extracts previously obtained in methanol 70 % (methanol:
water, v/v). After, 500 μL methanolic extracts, were mixed with 3.5 mL of a methanolic solution containing DPPH• radicals (6*10 −5 M in methanol 95 %). This mixture was agitated (vortex) and kept in dark up to 1 h, in order to obtain stable values of absorbance. After, free radical scavenging of DPPH• was evaluated by measuring the absorbance at 517 nm, in U.V. Spectrophotometer (U-2000, serial 121-0120. Hitachi Ltd., Japan). The antioxidant activity of each extract was expressed as (%) DPPH scavenging activity, accordingly to the equation:
(A DPPH is the absorbance of free radical DPPH solution and A sample is the absorbance of the solution containing each extract). The Trolox (Sigma) compound was used as positive control. The experiment was carried out in triplicate.
Antimicrobial activity in vitro assays
Microorganisms and culture conditions
Four reference bacteria were tested: Pseudomonas aeruginosa (ATCC10145), Escherichia coli (CECT434), Staphylococcus aureus (CECT976) and Listeria monocytogenes (ATCC15313). These isolates were selected based on their importance in heath, particularly because they are often associated with human diseases and foodborne disease outbreaks. The bacteria strains were grown from pure cultures preserved in Brain Heart Agar (BHA) and incubated at 37°C in order to obtain fresh cultures for the in vitro tests.
Antimicrobial susceptibility tests
For the antimicrobial assay were used extracts (10 mg/mL) and pure compounds (standards), analogues to the bioactive compounds quantified in each extract. For positive controls were used the commercial antibiotics (Oxoid): Gentamicin (10 μg disc −1 ) for Gram-negative and Vancomicin (30 μg disc −1 ) for Gram-positive. The test of susceptibility (Bauer et al. 1996) was performed using the disk diffusion method on Mueller-Hinton agar plates (Oxoid), accordingly to procedures of CLSI (CLSI 2005) . This methodology is based on the principle of diffusion through agar, of the compound with potential antimicrobial properties deposited on a sterile filter paper disc (Oxoid CT0998B). The antibacterial effects of the tested extracts and pure compounds were assessed by the following equation (Aires et al. 2009; Rojas et al. 2006) :
RIZD is the percentage of relative inhibition zone diameter and IZD is the inhibition (mm). All tests were done in triplicate and after overnight incubation the diameter in mm of the inhibitory zones around the disc was recorded.
Statistical analysis JMP for windows version 7.0.1.0 (JMP, Cary, NC, USA) was used for statistical analysis. All experiments were performed in triplicate and the results were presented as the mean ± SEM (standard error of the mean). The data were analysed using One-Way ANOVA. The differences between the mean values were separated using Student's t test, at significance level of P<0.05. Also, the Pearson's correlation was used to correlate the presence of bioactive compounds and the antioxidant activity.
Results and discussion
Total and low molecular weight phenolics
The yield values found for the samples analyzed in this study revealed that the extraction efficiencies of the solvents used were, in decreasing order, as follows: 70 % ethanol, 70 % methanol, 70 % acetone, ultra-pure water and 100 % dichloromethane (data not shown). The total phenolic content (Table 1) found in the samples of squash pumpkin shell and seeds, revealed the highest values for the extraction with water (2.34 -10.69 mg GAE/g DW) and 70 % ethanol (1.62 -8.99 mg GAE/g DW), while the 100 % dichloromethane showed the lowest values (0.69 -3.31 mg GAE/g DW) for pumpkin shell samples. The shell samples presented higher values (2.00 -10.69 mg GAE/g DW) of total phenolic content than the seeds samples (0.95 -3.43 mg GAE/g DW), with exception of the values obtained with the extraction solvent 100 % dichloromethane that showed higher values for the seeds samples (1.32 -6.12 mg GAE/g DW), either fresh or cooked. The values of total phenolics of the pumpkin shell samples revealed higher values in the oven-dried material (water, 70 % Ethanol and 70 % acetone), with exception of the contents found for the cooked samples and extracted with 70 % ethanol and 70 % methanol. Previous reports showed that heat treatments may increase the level of free flavonols (Stewart et al. 2000) . On the other hand, regarding the pumpkin seeds there were no significant differences between the two drying methods, with exception to the cooked pumpkin seeds extracted with 70 % ethanol and the fresh seeds extracted with 100 % dichloromethane. A previous study (Turkmen et al. 2005) on the effect of cooking methods on several vegetables revealed a total phenolic content of fresh and cooked squash flesh (8.33 and 4.97 mg GAE/g DW, respectively) that are close to the values found in the present study for fresh and cooked squash (shell and seeds). Another study (Xanthopoulou et al. 2009 ) presented lower values of total phenolics found in pumpkin oilseeds (0.00005 to 0.01100 mg GAE/g). Other reports (Peschel et al. 2006 ) on antioxidant compounds of vegetable and fruit wastes extracted with different solvents found higher values of total phenolics content (11.65 to 181.88 mg GAE/g DW), showing greatest efficiency of extraction with the solvents methanol and acetone.
The qualitative identification of the low molecular weight phenolics found in the squash pumpkin seeds is visible in Fig. 2 where the main compounds were classified in comparison with previous studies (Pericin et al. 2009 ). According to this study the main compounds found in the cooked pumpkin seeds extracted with 70 % methanol at 70°C were phydroxybenzoic acid, p-hydroxybenzaldehyde, cafeic acid and trans-p-coumaric acid (Fig. 2) . The same previous study reported low values of p-hydroxybenzoic acid, phydroxybenzaldehyde and trand-p-coumaric acid (0.02, 0.0012 and 0.001 mg/g DW respectively).
Antioxidant activity (DPPH)
The antioxidant activity results (Table 2) revealed that the most efficient solvent with the highest values was 70 % ethanol (18.92 -70.96 % inhibition of DPPH radicals), while the 100 % dichloromethane showed the lowest values (1.47 -4.16 % inhibition of DPPH radicals) for all the samples of shell and seeds of squash pumpkins. The shell samples presented higher values (1.47 -70.96 % inhibition of DPPH radicals) of antioxidant activity than the seeds samples (1.47 -49.74 % inhibition of DPPH radicals). Regarding the pumpkin shell samples (fresh and cooked) the values obtained for each solvent tended to be significantly different especially for water, 70 % ethanol and dichloromethane, with exception of the oven-dried (65°C) fresh shell samples. On the other hand the seed samples values presented no significant differences between the extraction solvents 70 % ethanol and 70 % methanol, while the values found with the extractions with water, 70 % acetone and 100 % dichloromethane were significantly different. When comparing the two drying methods used it was visible higher values on the oven-dried (65°C) samples (2.65 -72.36 % inhibition of DPPH radicals) than on the frieze-dried (FD) samples (1.47 -52.41 % inhibition of DPPH radicals) for almost all samples and extraction solvents. However there were no significant differences in the values obtained with the two drying methods (65°C and FD) for the samples of fresh pumpkin seeds and the samples of fresh pumpkin shell extracted with 100 % dichloromethane. A previous report (Turkmen et al. 2005 ) on the effect of cooking methods on different green vegetables revealed antioxidant activity values on fresh and cooked squash flesh (15.80 and 19.70 % inhibition, respectively) that are similar to the values found in this study for the fresh seeds but lower than the values presented for the fresh shell, with exception of the data obtained with extraction made with dichloromethane. On the other hand, in the same study the values presented for the The small sized letters compare the values for each row while the cap sized letter compare the values of each sample for each drying method (column -FD and 65°C)
FD freeze-dried material Value in brackets denotes P value DPPH 2,2-diphenyl-1-picrylhydrazyl, TPC total phenolic content boiled squash flesh are lower than the ones found in our analysis for the cooked samples (shell and seeds). Wu et al. (2004) reported values of total antioxidant capacity in pumpkin flesh higher (4.83 μmol/g TE) than the ones in the present study (0.04 to 0.84 μmol/g TE) for shell and seeds, while other authors (Tuberoso et al. 2007 ) presented very close values (0.95 μmol/g TE) of antioxidant activity in pumpkin oilseeds. Other previous reports (Peschel et al. 2006 ) show values of antioxidant activity of several fruits and vegetables wastes extracts revealing similar and higher values (27.41 to 90.03 % inhibition), which reveals that the samples analyzed in the present are also good sources of antioxidant compounds. Another work (Verma et al. 2010) 
Antimicrobial activity in vitro assays
The extracts of the pumpkin shell and seeds revealed in the in vitro antimicrobial assays no inhibition halos, 0.00 mm around the disc impregnated with each of the extracts tested, which means no antibacterial activity against the tested bacterial strains. Regarding the positive controls (antibiotics) the results found (in mm of inhibition halo) for the Gram negative bacteria, using gentamicin, were of 16.00 and 18.00 for the P. aeruginosa (ATCC10145) and E. coli (CECT434), respectively, while for the Gram positive strains the values were of 18.00 and 22.00 for S. aureus (CECT976) and L. monocytogenes (ATCC15313), respectively. For the negative control used, DMSO, the value obtained was of 0.00 mm of inhibition halo. Despite these results, this approach meant to evaluate a possible alternative use of the bio-active compounds present in the industrial by-products, for example in the treatment of bacterial infections and of antibiotic resistant strains. Further studies are necessary with higher concentrations and bacterial isolates.
Correlation analysis
The Pearson correlation matrix between the values obtained of total phenolics and antioxidant activity (Table 3) revealed a higher correlation for the squash pumpkin shell samples especially the fresh dried at 65°C and the cooked friezedried (R=0.7836, p=0.0005 and R=0.8550, p<0.0001, respectively). These values show that there was a directly proportional relationship between the two data compared, so higher amounts of phenolics mean higher antioxidant activity for these samples. On the other hand the seeds samples showed a much lower correlation or even negative for the seeds samples which may be explained by the presence of other compounds with antioxidant activity like fatty acids, tryacilglycerols and tocopherols (Makni et al. 2008; Stevenson et al. 2007 ).
Conclusion
The solvents 70 % ethanol and 70 % acetone were the most efficient in the extraction of total phenolics, also with highest antioxidant activity values. The pumpkin shells showed higher amounts of these two parameters and a positive correlation, which explains that the radicals scavenging capacity found is due to the phenolic content. The lower correlation values present in the seeds might be explained by the presence of other compounds. The oven-dried samples showed higher phenolics and antioxidant activity values, maybe due to increase of bioavailability under high temperatures. This work shows that the residues produced from agro-food industries, like pumpkin shells and seeds are potentially good sources of antioxidant compounds like polyphenols, beneficial for human health. Therefore it is of high interest to develop low cost/effective methods of processing to transform them in added value co-products.
